through treatment without any serious complications at all, though about 10 to 15% may experience moderate side-effects. In short, complications are not common in relation to the extent of treatment, and when they do occur they are a small price to pay for the benefits that treatment confers. Inside a psychiatric hospital most of these complications are of little account and can be dealt with speedily and effectively by doctors and nurses who are familiar with them. It is when they occur in an unfamiliar setting that they seem specially alarming or puzzling. If one is confronted with them in a patient whom one does not knowas in the emergency admission to hospital of a patient taken suddenly ill in the streetthey may be alarming. But even the doctor who knows his patient well, though he may be less familiar with these drugs and their complications, may be puzzled by the appearance of some of the insidious syndromes or isolated symptoms; so much so that he may doubt his original psychiatric diagnosis and begin to worry lest he has missed a cerebral tumour or system disease. Correct initial diagnosis, correct choice of treatment and increasing familiarity with its effects, are likely to reduce the problems arising from complications to a minimum as time goes on. Dr Henry Miller (Royal Victoria Infirmary, Newcastle upon Tyne) Some Neurological Complications of Surgical Treatment Complications of Cardiac Surgery Amongst the most difficult cases the neurologist is asked to see are patients in whom acute neurological illnesses have followed surgical operations on the heart. I find that in such cases it is rarely possible to offer a firm diagnosis, and even more unusual to be in a position to advise useful therapy. The surgeons and anesthetists working in this field know much more about these problems than we do, and we are also entirely dependent on their accounts of the crucial period of the operation. One of the most interesting features of these disorders is that they are truly new illnesses, pathological conditions which essentially result from therapy and were never encountered when these patients were left untreated.
Whether following open or closed heart surgery, the cases resolve themselves into two main groups:
(1) Those who present with a neurological syndrome immediately on recovery from the anesthetic, or who never recover from the anesthetic at all, but show signs of neurological damage at the end of the operation. (2) Those who develop an organic cerebral syndrome within twenty-four to forty-eight hours of the operation. In either case the picture may be one of general or focal cerebral damage, or very often a combination of both.
One warning is necessary which may confuse neurological assessment in these difficult and urgent cases. Several recent studies (Torres et al. 1959 , Silverstein & Krieger 1960 have emphasized the frequency with which abnormal neurological signs were found in candidates for cardiac surgery even before operation. The most obvious example is the patient with an extensor plantar response resulting from previous cerebral embolism complicating mitral valve disease, but an adequate history would usually preclude such a finding from confusing post-operative neurological diagnosis. The problem is a much more real one in the field of congenital heart disease. Here between onequarter and one-third of all children submitted for surgery show abnormal neurological findings, and if an EEG abnormality is dignified by inclusion in this category the figure rises to about 75 %. Moreover, these signs are more often than not quite asymptomatic, and scrupulous preoperative neurological examination and notetaking are essential if post-operative neurologicalfindings are not to mislead. Children with congenital heart disease show a considerable incidence of unilateral extensor plantar responses, asymmetrical deep reflexes, minor pupillary and other cranial nerve lesions, and various tremors and ataxias. Some of these signs arise on the basis of coincidental vascular anomalies, but in others the pathology is uncertain. Faced with a postoperative case, the first thing is to make that sure the signs encountered are in fact genuinely postoperative.
The major problems arise in connexion with open heart surgery using an extra-corporeal circulation, with or without hypothermia. In closed heart surgery the situation is usually the more banal one of cerebral embolism following interference with the mitral or aortic valves, and complex diagnostic problems are rather less frequent.
After open heart surgery the two groups of cases mentioned above, the immediate and the delayed, are well recognized. Often the patient appears fairly normal during recovery from the anasthetic, though even at this stage careful examination sometimes reveals pupillary abnormalities, failure to move one side of the body, or an unexpected delay in the restoration of clear consciousness. Such appearances are usually too equivocal to cause alarm until the next day, when somnolence, bed-wetting, and unexpected fever with or without focal or generalized convulsions (especially in children) signalize the onset of grave cerebral complications. However, in a rather larger group of patients subject to open heart surgery recovery from the anesthetic is apparently quite uneventful, and the cerebral syndrome described above develops after a short interval of seemingly complete recovery. Again the condition progresses over the course of twenty-four to forty-eight hours, often with associated hemiplegia, dysphasia, or hemianopia. Some patients in both groups recover, but the mortality is high and the pathology uncertain.
A few cases are due to clot embolism, and frank embolism may complicate any variety of cardiac surgery and may occur at any time during the post-operative stage as well as during the operation. Where there has been actual resection of cardiac muscle, muscle embolism has been found, and sometimes fibrin debris may play a similar part. In some cases the damage has clearly been due to an episode of diffuse anoxia. Here the syndrome is most often that of diffuse brain damage with bilateral extensor responses. Even in the most skilful hands the use of the extracorporeal circulation is a hazardous business and episodes of cerebral ischemia can arise in many ways. Arrhythmias may occur at any stage, there may be difficulty in starting the heart again after restoration of the circulation, and there may be unavoidable and unexpected blood lossto say nothing of the occurrence of scattered vasospasm due to excessive cooling, which may occur with temperatures in the 10-15°C range. However, it must be said at once that in most of these cases there is no convincing evidence that such factors have been involved, and the modem aneesthetist is so skilful that this is hardly surprising. In many patients the picture is clearly much more complicated and unlikely to be accounted for either by discrete embolism or by anoxic damage. In the last case I saw, very recently, after repair of a septal defect a right hemiparesis and aphasia developed in the context of general somnolence and with bilateral extensor plantar responses.
The clinical picture of cases of this type suggests a basis of cerebral aedema, and this is certainly supported by such pathological evidence as is available (Ehrenhaft et al. 1961 ). Such complications develop even when filters are used which would remove most particulate matter from the circulation and would render major embolism with muscle or debris unlikely. All the evidence suggestsand most thoracic surgeons considerthat the commonest cause of these dangerous syndromes is probably air embolism. The opportunity for embolization by air trapped in the left side of the circulation is considerable, and cerebral air embolism certainly causes cedema of the brain. The prophylaxis of these conditions is a problem for the cardiac surgeon. With regard to treatment, one can advise little more than the usual measures directed to the reduction of cerebral cedema, urea being now most commonly employed.
Irradiation Myelopathy
Neurological complications of deep X-ray therapy arise when intensive dosage has been employed locally in the treatment of highly malignant conditions, amongst which nasopharyngeal cancer is conspicuous. Damage to the nervous system develops where the neuraxis has been directly involved in the field of irradiation or by overlap between adjacent fields. It is therefore always found in close anatomical relation to the initial malignant lesion, and since there is usually a considerable delay between treatment and the onset of neurological signs, these are very often attributed at first to a local extension of the original malignant process.
Interest was aroused in this problem by Boden (1948) , who referred especially to cases arising as a result of treatment of cancer of the pharynx. He also drew attention to the occurrence of fugitive symptoms such as paresthesix, easily misinterpreted as due to a coincidental demyelinating disease, for example, as well as to cord syndromes which spread and increase in intensity with an ultimately fatal outcome.
More recently Dynes & Smedai (1960) have amplified this account, pointing out that with the decline in syphilis radiotherapy has earned a greater relative importance amongst the causes of transverse myelitis. They quote cases occurring in relation to local irradiation employed in the treatment of cancer of the lung, aesophagus, cervical lymph nodes, thyroid and testis, as well as in the commoner instances of nasopharyngeal carcinoma. They point out that only a minority of patients subjected to high intensity irradiation develop neurological complications: individual susceptibility may depend on anomalous or inadequate circulation. Assessment of the chances of neurological damage in this group of patients is jeopardized by their generally reduced expectation of life: many do not survive long enough to be at risk.
The radiotherapist makes every effort to shield the cord and medulla, but he is dealing with rapidly fatal diseases and intensive and overlapping dosage may be inevitable if the treatment of the malignant condition is to be effective. The usual picture is of either an acute or more often a gradual onset of progressive focal signs involving the spinal cord or medulla. In one of our recent cases weakness and stiffness of the legs began eight months after irradiation for pharyngeal carcinoma and was followed over the course of a few months by extension of weakness to the arms and the development of an ultimately fatal transverse cord lesion with an upper level at the fifth cervical segment. The sedimentation rate was raised, but there was no evidence of local recurrence, nor of spinal metastases or compression. In another patient megavolt irradiation for a left glomus tumour was followed thirty-three months later, after an influenzal illness, by the acute development of nausea, unsteadiness of gait, weakness of the left leg, numbness and tingling in both feet, postural dizziness and nystagmus. In the course of ten days left hemiparesis developed accompanied by fairly rapid successive involvement of the V, VI, VII and XII cranial nerves on the side of the tumour. Deafness was already present following the initial lesion. Our first impression in this case was that there had been a proximal extension of the glomus tumour, but endaural examination showed no sign of recurrence, and the cranial nerve involvement soon became more extensive than could have been produced in this way. The sedimentation rate was considerably raised and there were 103 mg/ 100 ml of protein in the spinal fluid.
The basis of irradiation myelopathy is endarteritis with progressive ischoemia and softening of the cord or medulla. In view of the very high sedimentation rate and despite the wetiological background we decided to treat this last case as one of cranial arteritis, and the patient has shown a surprising and rapid response to treatment with prednisone. Her sedimentation rate fell to normal and over the past few months there has been a steady improvement in the neurological signs, including striking recovery of the cranial nerve palsies.
Spinal Manipulation
Manipulation of the spine for backache or for putative disc lesions is regarded as the treatment of choice by many unorthodox practitioners, as of value by some orthopxedists and a few neurosurgeons, and with scepticism by nearly all neurologists. The literature of the subject mostly bears the stamp of uncritical and heavily committed enthusiasm and the reader will search in vain for any kind of scientific evaluation. To treat conditions originating from trauma by the institution of further trauma at the hands of the manipulator demands at the least some convincing rationale, but this is not evident in the writings of even the most distinguished apologists for this form of treatment.
The absence of any worth-while literature on the subject makes assessment of the empirical value of manipulation difficult. I have questioned many patients about the effects of manipulation for lumbar backache. It would be quite untrue to say that none have been cured, but some people are cured of back pain by falling down stairs, and even more without any treatment at all. In the majority of cases personally questioned, spinal manipulation made the symptoms either better or worse for a few days, after which things were very much as before. One difficulty in assessment is that various manipulators have various rules as to what is and what is not a suitable case for manipulation. One of my surgical colleagues will never manipulate in the presence of neurological signs, another in the presence ofmarked degenerative radiological changes, one never with and another hardly ever without an anaesthetic. It is also perfectly clear that except in the hands of those exclusively committed to manipulative treatment the method is usually employed where neither the history nor the physical signs are definite enough to permit a firm diagnosis, or to encourage any more radical form of treatment. In these circumstances the main use of the method is in the management of the patient with whom there is probably very little the matter, and in such cases manipulation is hardly more than a form of suggestive psychotherapy. There can be no doubt that manipulation without a general anxsthetic is safer than spinal manipulation under anisthesia, but personal experience has convinced me that neither is really safe.
If cure is rare so is disaster. But in view of the benign natural history of the conditions under discussion even in the absence of any form of treatment, disaster is the more impressive event.
In 1954 a 40-year-old woman was manipulated under anasthesia for sciatica by a surgeon very experienced in this method of treatment. On recovery from the anesthetic she had retention of urine, right footdrop and saddle anmsthesia. The retention of urine gave place later to intermittent incontinence, but the rest of her signs have remained unchanged and have been accompanied by long-standing depression, recently culminating in attempted suicide. Similar cases of cauda equina damage were described by Shephard (1959) . In another personal case cervical manipulation without anesthesia in a middle-aged woman for nothing more important than a stiff and painful neck was followed by the immediate development of spastic quadriparesis with retention of urine, which disabled her completely for several months and has left residual disability in the form of spastic paraparesis and urgency of micturition four years later. I have been fortunate not to see the more serious instances of brain-stem damage following neck manipulation reported by Green & Joynt (1959) and Smith & Estridge (1962) . These authors describe softening of the medulla and upper cervical cord and also the development of the clinical syndrome of posterior inferior cerebellar artery thrombosis in quite young patients following manipulation of the stiff painful neck.
Such lesions may depend in part on circulatory anomalies, but since these are quite undetectable clinically and since powerful rotation of the chin to one side causes compression of the opposite vertebral artery at the atlanto-occipital joint in the normal subject, the postulation of anomaly may be unnecessary.
Malposition on the Operating Table
The abolition of muscle tone by the wide employment of muscle relaxants, convenient though it is for the surgeon, has considerably increased the risk of neurological complications due to pressure or abnormal positioning on the operating table. Some of these are familiar, such as lateral popliteal palsy due to pressure of the leg-rest in the lithotomy position, or ulnar paralysis caused by pressure of the hard edge of the Mayo table during operations on the outstretched arm.
There are, however, more serious risks. In the Trendelenburg position the weight of the patient resting against a too medially placed shoulderrest may produce a compression lesion of the upper part of the brachial plexus causing Erb's paralysis. Like most compressive lesions this tends to recover. On the other hand excessive abduction of the arm under similar circumstances may actually avulse the lower roots of the plexus, causing permanent paralysis of the small muscles of the hand. For this reason most modem anmesthetic departments have abandoned shoulderrests altogether, the patient being supported on a corrugated mattress by a rest inserted in the small of the back.
Although footdrop occurring after operations under general anesthesia is often attributed to peripheral causes, it is more often due to acute prolapse of a lumbar or lumbosacral disc caused by excessive flexion at the hips. Damage to the hip-joint itself can usually be avoided by flexing both hips together, but even under these circumstances the unanatomical posture of the paralysed patient may produce serious disc prolapse.
The intervertebral disc is also involved in another anesthetic disasterthe production of acute postoperative quadriplegia, usually in an ,elderly arteriopathic patient with pre-existing cervical spondylosis, when operations such as tonsillectomy involve movements of the head beyond the normal range in the paralysed and unconscious patient. All these complications are bound to occur occasionally, even with the highest possible standard of care. They are most often seen in the patient already seriously injured or gravely ill, in whom the urgency of the clinical condition may render the deliberation which usually precedes major surgical procedures difficult, impossible, or even dangerous. Intrathecal Penicillin Of all the iatrogenic neurological disasters I have encountered, the sequele of intrathecal medication stand out as the most appalling and the most unnecessary. If any justification is required for the present tendency to employ massive parenteral penicillin injections rather than intrathecal administration in the routine treatment of pneumococcal meningitis it is the fact that every year somebody dies in a British hospital from the injection of this chemical irritant through a lumbar puncture needle. It is still not sufficiently realized that the injection of more than 10,000 units of penicillin in 10 ml of saline is never safe. In the presence of desperate infection most authorities would accept 20,000 units asjustifiable, but since any solution more concentrated than 1,000 units per ml is dangerous this would involve the injection of 20 ml of saline into the theca. Anything more than this is malpractice. My first experience of these complications was during the war, when I saw a young airwoman whose cauda equina had sloughed following quite a small inthrathecal dose. But even the chemical purity of modem preparations is irrelevant. My second experience was in connexion with a case where one mega-unit was given intrathecally by an experienced senior medical registrar because the patient had developed slight headache and neck stiffness following a myelogram. My most recentand I sincerely hope my lastwas when a nurse inadvertently handed the surgeon an ampoule containing a mega-unit instead of 10,000 units during a desperate operation for cerebral abscess in the early hours of the morning. In cases of this kind the very rapid appearance of status epilepticus from cortical irritation is nearly always followed by necrosis of the exposed surfaces of the nervous system, and death within twenty-four hours. The administration of intrathecal penicillin should be forbidden except under direct consultant supervision, and if it must be givenand there are few indications other than fulminating pneumococcal meningitisthe dose should be treble-checked by the consultant himself so that the responsibility is in no sense divided.
